Introduction
The dynamic tensile strength of rock can exceed the quasistatic tensile strength by an order of magnitude [Rinehart, 1965] . By "dynamic tensile strength" we mean the peak transient stress sustained during high strain-rate tensile fai!ure. The difference between dynamic and quasi-static (hereafter termed static) tensile failure results from the pristine rock containing abundant inherent flaws (pores, grain boundary cracks, etc.). If a tensile strain (stress) is increased gradually, the largest well-oriented flaw grows at the expense of others samples at various stages of crack growth. This was accomplished by (1) loading the samples with tensile stress pulses of controlled magnitude and duration insufficient to cause complete spalling, and (2) measurir/g the subsequent reduction in P-and S-wave velocity due to microcracking.
Experimental Procedure
Planar impact experiments used to produce dynamic tensile failure are described in Cohn and Ahrens [1981] . Briefly, a lexan projectile with a polymethyl methacrylate (PMMA) or aluminum (A1) flyer plate is accelerated to velocities of 10 to 25 m/s. The flyer plate impacts the target, which then flies free into a recovery tank, where loose rags prevent further damage. The target, a disc of rock 25 mm in diameter and 6.5 to 7.5 mm thick, is polished so that its front and r"•u' surfaces are flat and parallel to _+ 0.005 mm. The rock selected for this study, Bedford (Indiana) limestone, has been the subject of numerous rock mechanics investigations.
Upon impact, compresslye waves propagate forward into the target and back into the flyer plate. Tension is produced when these compressive waves, reflected as release waves from the free-surfaces of the target and flyer plate, later meet within the sample. The magnitu& of compressive stress is proportional to the impact velocity.
Several assumptions are made in computing the magnitude and duration of the tensile pulse. (I) Because rocks are generally much stronger in compression than tension, no damage occurs during the initial compressive pulse. The Bedford limestone specimens used have a typical grain size of 0.5 mm and a porosity of---9.9% (Table 1) . Ultrasonic velocities (reproducible to < 2%) were measured using the travel-time method with 1 MHz PZT transducers. Table 1 also gives previous determinations of the static tensile strength, err, fracture toughness, KIc, and Young's modulus, E.
Results and Discussion
The results of the ultrasonic velocity measurements are shown in Figure These considerations imply that for suddenly applied loads of a prescribed duration t, there is some critical tension, o, above which KI > KIc, given sufficiently large cracks (of radius a > Cst). Substituting into eq. lb the stress at the onset of microcracking for o, the duration of the tensile pulse for t, and the value of Cs for Bedford limestone, we compute KIc (Ki at the onset of microcracking) to be 2.4 and 2.5 MPa ml/2 for the 1.3 and 0.5 Ixs experiments, respectively. This is 2 to 3 times the 0.8 to 1.2 MPa ml/2 reported by Ingraffea et al. Under static loading conditions, the stress-intensity factors at the tips of closely-spaced cracks can be much larger than for the same size isolated cracks. Under dynamic loading conditions, the time required for the stress-intensity factors to reach their static values would be much longer for interacting cracks than for isolated cracks. Microcrack interaction could play an essential role in both dynamic and static rock failure.
We believe that the discrepancy between the dynamic and static data remains even for those cases cited by Grady and Kipp [1987] where the stress history has been determined more directly. The reason is that for initial crack lengths below some critical value, the "apparent" fracture toughness determimed from static experiments has been found to decrease with crack length (Figure 3 
